Objective-The Cardiac Infarction Injury Score (CUS) is an electrocardiogram classification system that was developed to identify ischaemic heart disease. As well as being of diagnostic value, the CUS may also be of prognostic value.
well as being of diagnostic value, the CUS may also be of prognostic value.
Design-The prognostic value of the CIIS for mortality of coronary heart disease and cardiovascular disease was assessed in a 28 year follow up study of 3091 apparently healthy middle aged men and women (Dutch Civil Servants Study). Results-The rates of coronary heart disease and cardiovascular disease mortality during the first 15 years of follow up were significantly higher in men and women with a CIIS of >10 than in those with a CHS of <0 (rate ratio of coronary heart disease mortality 2*9 (95% confidence interval 1-5 to 5.8) for men and 5-6 (2.0 to 15.5) for women). Coronary heart disease mortality was also higher in men with a CIIS of 1-10 than in men with CIIS of < 0. When individuals with major Minnesota code items were excluded, the associations were weaker and no longer statistically significant. Conclusion-These results indicate that a high CIIS is a risk indicator for coronary heart disease mortality in the general population. Classification of electrocardiograms by means of the CIIS-seems to be equivalent to classification by a combination of Minnesota code items. Because CIIS coding is simpler and can be performed by computer it may be more efficient than the Minnesota code for classifying cardiac injury in epidemiological studies.
(Br Heart J 1994; 72:39-44) Electrocardiography is an elegant technique that is used in clinical practice and research to assess some types of heart disease. Moreover, minor electrocardiographic abnormalities, which are common in apparently healthy individuals, have been found to be predictive for the risk of future cardiovascular morbidity and mortality. '-3 Causes of death were classified according to the International Classification of Diseases, 9th revision.'3 End points were cardiovascular (ICD-9 390-460) and coronary heart disease (ICD-9 410-414) mortality. Causes of death before 1969, originally coded according to the 6th and 7th revision, were recoded according to the 9th revision by the Central Bureau of Statistics using the original death certificates. These mortality categories were not substantially different in the 8th and 9th revisions. DATA 
ANALYSIS
Participants were classified in three categories of CIHS: <0 (low), [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] (intermediate), and >10 (high). The cut off point of 10 has been described before.9 To study the risk in subjects with moderately increased CIlS we selected the highest quartile (cut-off point 0). We tested for overall between-group differences in relevant characteristics in the sample: using the Tukey-Kramer method, which adjusts for multiple comparisons.
We estimated rate ratios (incidence density ratios) of cardiovascular and coronary heart disease mortality by Poisson The number of subjects in the random sample, from which the person time is estimated, remained the same in all analyses but the number of cases was different.
We evaluated the predictive value of each component of the CIIS by including these 12 items separately in a multivariate model. Eight of the items are dichotomous and the four other items, which are measurements of amplitude, were categorised into two strata.
To evaluate whether the predictive value of CIIS was independent of the Minnesota Code, we first excluded the major Minnesota
Codes one category at a time (Q-QS waves 1 1, 1*2; high R waves 3 1, 3-2, 3 4; ST and T abnormalities 4-1, 4-2, 5-1, 5-2; and intraventricular conduction defects 7-1, 7-2, 7.3, 7.4, 7-6, 7 7, 7 9). Finally we excluded subjects with any major Minnesota Code item. We Table 3 shows the rate ratios of cardiovascular and coronary heart disease mortality for several major Minnesota Codes. As expected, codes for Q waves or ST-T abnormalities were predictive of coronary heart disease mortality, mostly in men. In the presence of major Q-wave codes mean CIHS was 13 (men) and 16 (women); and in the presence of repolarisation abnormality codes it was 14 (men) and 5 (women). Table 4 shows age adjusted and multivariate adjusted rate ratios for cardiovascular and coronary heart disease mortality in categories of CIIS. Mortality from coronary heart disease during the first 15 years was three fold higher in the high CIHS category than in the low-CIHS category. Rate ratios for cardiovascular disease mortality were lower, but still significantly different from 1. For the full 28 year follow up time all rate ratios were lower, and among women the relative rate of cardiovascular disease mortality was no longer significant.
In men there was a significant association between intermediate CIIS and cardiovascu- Table 3 Relative rates of CHD and CVD mortality* (incidn density ratios) in categories of Minnesota Codes (Dutch Civil Servants Study) 15 CHD, coronary heart disease motality; CVD, cardiovascular disease mortality.
* Adjusted for age, systolic blood pressure, serum cholesterol, body mass index, and current smoking.
tNo incidence density ratios could be estimated because of small numbers. Table 4 Relative rates of CHD and CVD mortality (incidence density ratios) in categories of the cardiac infarction injury score (CIIS) (Dutch Civil Servants Study) CHD, coronary heart disease mortality; CVD, cardiovascular disease mortality.
*Number of cases.
tAdjusted for age, systolic blood pressure, serum cholesterol, body mass index, and current smoking.
tNo incidence density ratios could be estimated because of small numbers. lar and coronary heart disease mortality in the first 15 years but not in the full 28 year period. When Minnesota Codes were excluded one category at a time the rate ratios in the CIIS categories were somewhat lower, but still statistically significant (data not shown). When subjects with any major Minnesota Codes were excluded, the rate in women with a high CIIS was still twice as high as that in women with a low CIIS; though the relative rate was not significantly different from 1. (table 4) . Among men there were no apparent associations.
The figure 1 shows ROC curves to compare the predictive value for 15 year coronary heart disease mortality of regression models containing a high CIIS or major Minnesota Codes. The curves are virtually identical for men: in women the high CIIS model was a slightly better predictor. A sex difference was also seen when the relative contributions of each of the 12 CIIS items were analysed. Among men, items 4, 5, and 8 were significantly predictive. Among women, item 4 was predictive too but three other items (numbers 2, 3, and 6) were the strongest predictors. Discussion Cardiovascular and coronary heart disease mortality was higher in individuals with a CIIS of >10 than in those with a CIIS of <0 in the Dutch Civil Servants Study. Among men, but not women, the intermediate group was at increased risk too. The association disappeared when those with any major Minnesota Code item were excluded, but not when those with individual Minnesota Code items were excluded. Therefore, information of the CIIS seems to integrate the information from several Minnesota Code items.
The original health examination was aimed at healthy middle aged civil servants and their spouses; and this was explicit in the letter of invitation. The study population therefore is probably a healthy selection from the general population. In general this is not regarded as a problem in an aetiological study and no bias is expected in the observed associations.
We used a case-cohort design to limit the number of electrocardiograms to be coded.'0 False positiv4 ange the estimates of the Because the CIIS is a combination of seven CIIS and mortality from eral characteristics, the score is less easy to 'ease and coronary heart dis-interpret than the individual Minnesota Codes. It was devised to distinguish between sification in assessing the subjects with and without myocardial infarciosis and coding of causes of tions. However, the prognostic value in occurred. In this historical the present study population of basically iograms could not be coded healthy men and women, suggests that the IS by computer software. CIIS may be a summary measure of ischaemic ordings had to be inspected heart disease, indicating preclinical cardiac iuld have led to observer dif-injury. nisclassiflcation. However,
In conclusion, the CGS is associated with fication of exposure and of cardiovascular and coronary heart disease idependent from each other, mortality in the general population, in both !stimate the effect measures. men and women. It seems to reflect certain Q that the baseline measure-wave and ST-T segment abnormalities, which indicative of the CIIS during are also partly represented by Minnesota v up period. With age some codes 1, 4, and 5. Because CIIS can reliably be coded by computer software, it may be an efficient alternative for the Minnesota Code in epidemiological studies. 
